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Methods used to prepare RNA for use in PCR generally require the use of hazardous chemicals such as guanidine isothiocyanate, chloroform and phenol.
Here we describe a rapid membrane-based method for the isolation of RNA from viruses present in serum. In this system whole virus particles present in serum are immobilized on a membrane by positive pressure filtration. Digestion of the membrane-bound particle with a detergent and proteinase K releases nucleic acid from its capsid and destroys ribonucleases present in the sample.
Strips of Immobilon-P membrane (polyvinylidene difluoride (PVDF), Millipore Corporation, Bedford, MA), measuring 5/32 inches by 1 1/2 inches, were placed on three (3) thicknesses of Whatman 3MM filter paper. One hundred microliters of human serum spiked with varying amounts of West Nile virus (Family Flaviviridae, RNA genome), strain 956B, were spotted near the end of the membrane in two 50 /tl spots. A 1 ml tuberculin syringe was used to apply the samples by positive pressure (1, 2) . The membrane strip spots were immediately immersed into 0.5 ml microfuge tubes containing 81.75 /tl of digestion buffer (79.25 /tl distilled water, 0.5 /tl Tween-20 and 2 /tl proteinase K (20 mg/ml)) and the tubes closed with a portion of the membrane extending outside. The tubes were incubated at 50°C for one hour and subsequently heated to 95 °C for 10 minutes to inactivate the proteinase K. After removal of the membranes, 1 fi\ (0.33 /tg) each of sense and antisense strand primer was added. The specimens were heated to 68°C and cooled on ice to allow primer annealing. Sequentially added were 5 /tl 2 mM stock of deoxyribonucleotide triphosphates, 10 /tl 10XPCR buffer, 0.5 /il RNAsin (Sigma Chemical, St Louis, MO), and 0.25 y\ (200 units/ul) of murine maloney leukemia virus reverse transcriptase. Following a one hour incubation at 42°C, brief denaturation at 94°C and a second 42°C incubation, 0.5 /tl of Taq DNA polymerase (1.25 units) was added to give a final volume of 100 /tl. Samples were then amplified using a PCR protocol for West Nile virus (3).
Ten microliters of PCR product were Southern transferred to Nytran membrane. The membrane was hybridized to a 151-base pair digoxigenin-labeled probe (Genius Kit, Boehringer Mannheim Biochemicals, Indianapolis, IN). Hybridized probe was detected by chemiluminescence using Lumi-Phos (Boehringer Mannheim Corporation, Indianapolis, IN).
A positive signal was seen in lanes Al through A5 ( Figure  1) . No signal was seen with human RNA or dengue virus RNA, another flavivirus. Virus-free serum also failed to show any bands.
The data presented show this membrane-based procedure to be rapid, sensitive and less cumbersome than conventional viral RNA isolation techniques. The hydrophobic Immobilon-P membrane has a very high protein binding capacity. Its nucleic acid binding efficiency is extremely low. This allows any nucleic acid that is liberated to stay in solution while much of the protein can be adsorbed back onto the membrane. This pressure blotting membrane technique has been used previously for the detection of antibodies to other togaviruses (1) and meningoccccal polysaccharide (2) .
This membrane-based method was able to detect as few as 6.5 plaque forming units of RNA virus in 100 /tl of serum. This degree of sensitivity should be adequate for the detection of RNA viruses that produce low-level viremias. Figure 1 . West Nile virus PCR products Southern transfered to nylon membrane and hybndized with a digoxigenin labeled probe. Lane A1 through A6 correspond to samples that originally contained 6.5X10 4 , 6.5 X10 3 , 650, 65, 6.5, and 0.65 pfu/100 /il of serum respectively. Lane Bl contains amplified product from 1.3 pg West Nile virus RNA; B2, 0.5 p% dengue virus RNA; B3 1 jig human leukocyte RNA; B4 buffer control; B5 virus-free serum.
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